A computer model is presented for the performance assessment of HF ionospheric communication links. The proposed model considers the effects of the natural and artificial ionospheric disturbances on the radio waves propagation parameters and modes. The ionosphere and radio wave parameters are first derived for specified ionospheric communication links. The natural and/or artificial disturbances are assumed over the link path, and the resulting modified propagation medium and wave parameters are then estimated and compared with their corresponding parameters for quiet ionosphere. Hence, the link performance is evaluated and guide lines for retuning the communication link are proposed to control (enhance or disrupt) the ionospheric communication links. The ionosphere and wave parameters are derived for different communication links subjected to natural disturbances due to different solar activities, solar flares, and geomagnetic storms. Several communication links are also analyzed under the effect of artificial modification by HF ionospheric heaters.
is the plasma frequency, N e is the density of free electrons, m e , and q e are mass and charge of the electron. Alternatively, from statistical mechanics, the electrical conductivity of a free electron gas can be calculated as The presence of the earth's magnetic field makes the ionosphere a double refractive medium. Using the Appleton-Hartree dispersion relation [1] , the refractive index n, is generally given by
For HF waves (f = 3: 30 MHz), where ν << ω , then Z = ν / ω ~0, the refractive index n is simplified as
and φ is the angle between the direction of propagation and the geomagnetic field. The '+' sign refers to the ordinary (O-mode) wave and the '-'sign refers to the extraordinary (X-mode) wave. Actually, the refractive index of the ionosphere is not constant but it is a function of the ray path. Assuming the refractive index n(z) is a slowly varying function of height z above the surface of the earth. Suppose that an up going radio wave of amplitude E o is generated on the ground level (z=0). The complex amplitudes of the wave are given by the approximate solutions of the non-uniform wave equation, which are commonly called the W.K.B. (Wentzel, Kramers, and Brillouin) solutions [26] (13) For an obliquely incident wave on the ionosphere with incidence angle i ψ as shown in Fig.1 , the W.K.B. solutions are simply obtained by replacing the refractive index n in equations (11), (12) , and (13) by the parameter q, where For the ray to return to the earth, the angle of incidence at the n th ionosphere stratum may approach 90 o . Thus, the relation between the electron density N n and the corresponding frequency f at certain height h may be derived by substituting equations (8) and (16) 
From equation (17) , the maximum usable frequency MUF is obtained at zero elevation angles and at maximum electron density. For HF waves, where ν << ω , the collision frequency may be neglected, and the maximum usable frequency is approximately given by the maximum value of equation (17) Starting from the attractive Coulomb force exerted by an ion on an electron, the electron-ion collision frequency ν ei is given by 
III. Modified ionospheric radio communication links
Normally, the ionosphere is not a stable medium that allows the use of the same frequency throughout the year, or even over 24 hours. The ionosphere varies with the time, seasons, latitude, longitude, with solar cycle and its consequences of solar flares and geomagnetic storms. Flares and other energetic events on the Sun produce increased ultraviolet, x-ray and gamma-ray photons that dramatically increase the density of the ionosphere on the dayside after arrival at the Earth. The activity of the ionosphere is strongly affected by the number of the sunspots. The number of sunspots (SSN) on the sun at any given time varies in an 11-year cycle as does the number and severity of disturbances in space weather [27] . The solar flux (SF) is another measure of the solar activity, and it is the amount of radio flux emitted at a frequency of 2. 
which is plotted in Fig.2 . The level of geomagnetic activity is determined by the A and K indices. The daily A index has a linear scale from 0 (quiet) to 400 (severe storm), the three-hour K index has a quasilogarithmic scale from 0 to 9, a compressed version of the A index, with 0 being quiet and 9 being severe storm. These give indications of the severity of the magnetic fluctuations and hence the disturbance to the sky wave communications through the ionosphere. The A-index is plotted vs. K-index in Fig.3 , where different geomagnetic activities are defined in terms of the A and K indices. 
Generally, the critical frequencies of the ionospheric E and F layers are influenced by the solar activities as shown in Fig. 4 , where the measured critical frequencies are averaged and plotted vs. the sunspot numbers at different times, seasons and years, and are found to be generally increasing as SSN increases. link terminals at 18.00 UT.
The densities of the constituent particles (oxygen and nitrogen) for the ionosphere region at UT = 15.00 and height h = 100 km above the receiving station in Cairo are plotted vs. SSN in Fig.9 , and compared for both quiet (A = 0) and stormy (A = 80) geomagnetic conditions. Also, the neutral (T n ), ion (T i ) and electron (T e ) temperatures are plotted and compared vs. height at SSN = 50 and UT = 17.00 above link terminals in Cairo and Alaska, as shown in Fig.10 . Substituting the data of Fig.9 and Fig.10 into equation (19) to get the electron collision frequency ν e . The variation of ν e vs. SSN at UT = 15.00 and height h = 100km above cairo is plotted in Fig.11 and compared for both quiet and stormy geomagnetic conditions. . The dielectric constant and conductivity of the ionosphere are then calculated and substituted into equations (4) and (5) to yield n and p, and hence the phase ( ) and absorption ( )coefficients are calculated and plotted vs. SSN at different frequencies, as shown in Fig.(12) and Fig.(13) . SSN at different frequencies.
Proceedings of the
To study the effect of the artificial ionosphere modification using powerful ground-based HF heating facilities, the electron temperature variations (T e ) due to heating of the ionosphere above Alaska by HAARP heating facility using different transmitted HF powers with ERP = 83.4 dB and 95.7 dB are reported by [28] and plotted vs. height in Fig.14 and compared with the corresponding T e but for unheated ionosphere. 
IV. Discussions and conclusions
Proceedings of the 6 th ICEENG Conference, 27-29 May, 2008 EE207-12 Knowledge of the ionospheric electron density is essential for radio and telecommunications applications. The ionosphere is usually described by an electron density profile as a function of height. The ionosphere electron density profile varies also with latitude, longitude, and time, solar flares and geomagnetic storms along the propagation path. Therefore in the proposed model, the electron density profiles have been firstly derived for the modified ionosphere and compared with those for the undisturbed ionosphere. The ionosphere medium and HF propagating wave parameters have then been derived, calculated and compared. Also, different empirical relations have been derived to describe the relations among solar and geomagnetic activities parameters, as shown in figures 2, 3, and 4. The impact of the natural and artificial ionospheric modifications on the performance of ionospheric communication links have been investigated by considering an example of an ionospheric communication link between Alaska in USA and Cairo in Egypt. The numerical results showed clearly the dependence of electron density, and consequently plasma and critical frequencies on solar activity parameter (SSN), time and position as shown in figures 5, 6, 7, and 8. From the obtained numerical results, it is essential to have an MUF daily schedule at each remote station to state the recommended MUF at each hour depending on solar and geomagnetic activities. The electron collision frequency have been found comparable to plasma frequency, especially at lower ionospheric D and E regions as shown in Fig.11 , where e varies with solar and geomagnetic activity parameters; SSN and A respectively. The obtained e values comparable to plasma frequency recommend equation (17) as an accurate relation between HF frequency f and Electron density N e . The variation of phase and absorption coefficients vs. the sun spot number has also been investigated and plotted in figures 12 and 13, where higher frequencies suffer from higher phase change and absorption, especially in the lower D and E ionosphere regions. The artificial ionospheric modification has been investigated by using different HF heating facilities; HAARP in Alaska (USA) and Sura in Russia. Fig.14 shows clearly the severe ionosphere disruption by increasing the electron temperature T e up to 3500 K due to HAARP heater power with ERP = 95.7 dB compared to 300 K for unheated ionosphere. Consequently, the electron density in the E region increases as a result of active heating because of the recombination rate reduction; ( ) . On the other hand, the electron collision frequency e increases. Both factors strongly recommend E blanketing mode due to reflection from the strongly ionized E layer and / or increased absorption due to in creased e according to equation (20) . Also, the sura heating facility strongly modifies the electron density profile during heating experiment as shown in figures 15 and 16, where the electron density and the plasma frequency have been increased at lower heights up to 140 km. In conclusion, disruption of HF communications due to ionosphere disturbances can be avoided by increasing transmitted power and using better antennas. Progressively decreasing or increasing frequencies after the onset of an ionosphere disturbance to counteract the resulting decrease or increase in the ionosphere electron density, and finally HF rely stations to be designed and located outside the disturbance area.
